The major human satellite sequences are tandemly repeating DNA sequences generally associated with centric and pericentric heterochromatic regions (Singer 1982) . In humans, the major forms are satellites I, II, III, IV, and alphoid. Satellites I-IV were originally isolated by gradient centrifugation (Singer 1982) , each fraction being of similar DNA composition -and thus of similar buoyancy-but not necessarily being of similar sequence. For example, satellites II and III are cobuoyant with some alphoid sequences (Frommer et al. 1982; Prosser et al. 1986 ). The consensus base sequence of each of the predominant components of these human satellites is well defined [satellites I-IV by Frommer et al. ( 1982) and Prosser et al. ( 1986) , satellite II by Hollis and Hindley ( 1988 ) , and satellite alphoid by Waye and Willard ( 1987 )] .
Examples of such sequences have here been used to investigate higher-primate phylogeny. The DNA from one human, two chimpanzee, one gorilla, and one orangutan (all males) was digested with the following three different restriction enzymes: HaeIII, EcoRI, and KpnI. The fragments were examined by Southern analysis (for methods, see Fowler et al. 1988 ) . The same membrane was analyzed three times with satellite DNA probes of known sequence, by probing, stripping, and then reprobing the membrane (for details, see legend to fig. 1.).
Satellite III (fig. la)
The human/ HaeIII digest shows a Y chromosome-specific fragment (Cooke et al. 1983 ) at 3.5 kb (lane 6). The human/KpnI digest shows two fragments at -1.8 and -3.6 kb (lane 16) that are believed to segregate from chromosome 15 (Higgins et al. 1985 ) . These fragments appear unique to humans, being absent in similar digests of nonhuman-higher-primate DNA. Digestion of nonhuman-primate DNA with either HaeIII (lanes 2-5 ) or EcoRI (lanes 7-10) and probing with human satellite III shows extensive hybridization.
There are extensive interspecies differences in the restriction-fragment patterns. There is also inter-individual variation in the fine-band structure of the DNA from the two male chimpanzees (HaeIII, lanes 2 and 3; EcoRI, lanes 7 and 8 ) . This is quite unlike similar digests of human DNA, which normally show little or no interindividual variation with HaeIII and EcoRI digests (Fowler et al. 1988 ).
Satellite II (fig. 1 b)
The human/EcoRI digest (lane 11) shows an orderly series of satellite II-related fragments at 1,340, 1,770,2,190 and 2,4 10 bp (Drinkwater et al. 1986 ) that is coincident with a similar human / EcoRI fragment series-1,350, 1,770, and 2,200 bp-obtained with a probe of a satellite II mixture prepared by gradient centrifugation (Mitchell et al. 198 1) . The results (fig. lb) suggest that human satellite II is virtually human specific. This finding is in accord with that of Mitchell et al. ( 198 1) but not with that of Gosden et al. ( 1977 ) . The only strong evidence of human satellite II hybridization to nonhuman primates is a single band at -3.3 kb in the KpnI digest of orangutan DNA (lane 15).
Satellite Alphoid (fig. lc)
The Hue111 (lanes 2-6 ) and EcoRI (lanes 7-11) digests of human and nonhumanprimate DNA show an orderly series of restriction fragments in each species, these being based on 170-and 340-bp alphoid repeat units ( Waye and Willard 1987 ) . However, the differing extent of the laddering and the varying band intensities suggest that the alphoid sequences are moderately diverged in sequence in these species. This is confirmed by the KpnI/alphoid results (lanes 12-16 ) , in which the nonhuman primates may be distinguished from one another by their fragment patterns. The two chimpanzee samples show similar results (with minor band intensity variations) in each of their Hue111 (lanes 2 and 3 ), EcoRI (lanes 7 and 8)) and KpnI (lane 12 and 13) digestions. These results act as internal controls for the results above, as they confirm that the satellite III interindividual differences seen in these two samples I ( fig. la) are not technical artifacts.
These results may be compared with those of other investigators.
In the past, when human-derived satellite sequences have been used to examine DNA from nonhuman higher primates, the probes used were generally prepared by gradient centrifugation (e.g., see Gosden et al. 1977; Mitchell et al. 1977, 198 1) . Such probes were heterogenous mixtures of satellite DNAs, and, as noted by Singer ( 1982) ( 1988) , in their review, incorrectly cite the satellite II and IV results of Gosden et al. ( 1977) .
A summary of our results and those of previous investigators would suggest the following: First, human satellite III is present in humans, chimpanzees, gorillas, and orangutan (Mitchell et al. 1977, 198 1) . This is likely to be true for human satellite IV as well, since the evidence of Frommer et al. ( 1982) and Prosser et al. ( 1986) suggests that the major sequences and properties of satellites III and IV are the same. Second, satellite alphoid is present in humans, chimpanzees, gorilla, and orangutan. This is established from the results of Miller et al. ( 1988) II (Drinkwater et al. 1986 ), then stripped and reprobed (panel c) with 216S-satellite alphoid (Fowler et al. 1988) . Final membrane wash for each probing was 0.1 X SSC (20 X SSC = 3 M NaCl, 0.3 M trisodium citrate) at 55°C. ladder as well as a satellite III-associated 3.5kb Y-specific fragment (as would a composite of fig. 1 a and fig. lc) . Last, the collective evidence of Mitchell et al. ( 198 1) and Miller et al. ( 1988) is that human satellite III/IV and satellite alphoid are found in higher primates only, whereas satellite II, on the basis of our results and those of Mitchell et al. ( 198 1) ) is close to human specific.
These results show no compelling evidence supporting any phylogeny of the higher primates. They do show, however, that, while satellite III is apparent across all higher primates, it is evolving rapidly-and probably more rapidly than speciation of the higher primates, as indicated by the extent of the interspecies variation as compared with the interindividual variation in satellite III patterns. Furthermore, the differences between the two chimpanzee individuals is much greater than what would be expected between two humans. If significant, this would imply that the chimpanzee, as a species, is more ancient than the present-day human species. The radiation of the human race would thus have occurred in orders of magnitude less time than the speciation of the higher primates. These conclusions assume satellite III to have diverged at a relatively fast but constant rate.
